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ACTIVATED CARBON AND CATALYST
FILTER

CLAIM OF PRIORITY

This application 1s being filed as a PCT International
Patent application on Mar. 11, 2016 1n the name of Don-
aldson Company, Inc., a U.S. national corporation, applicant
for the designation of all countries and William S. Rossiter,
a U.S. Citizen, inventor for the designation of all countries
and claims prionity to U.S. Provisional Patent Application

No. 62/133,110, filed Mar. 13, 2015, the content of which 1s
herein incorporated by reference in its entirety.

10

FIELD OF THE TECHNOLOGY 13

The present application relates to a filtration element and

methods of filtering. More specifically, the present applica-
tion relates to filtration element for use 1n enclosed envi-
ronments, including aircraft cabins. 20

BACKGROUND OF THE INVENTION

While an airplane 1s 1n flight the air within the cabin 1s
typically recirculated and replenished. The air within the 25
cabin can be contaminated with volatile organic compounds
(VOCs), mcluding low molecular weight hydrocarbons and
high molecular weight hydrocarbons. The VOCs can be
introduced to the cabin air from numerous sources, such as
food preparation, people and clothing within the cabin, 30
cleaning supplies, and aircraft engines and equipment. Even
relatively low concentrations of contaminants, such as
hydrocarbons at the sub-parts-per-million (sub-ppm) level
are undesirable.

Efforts have been made to reduce the amount of contami- 35
nants in cabin air, and 1n particular recirculated cabin air, in
order to lessen the exposure of passengers and crew to
contaminants. However, the enclosed nature of aircraft cab-
ins, the high density of passengers, and the cumulative
exposure of aircraft crews makes maintaining a clean atmo- 40
sphere within aircraft cabins particularly important. Some
aircraft cabin filters, such as those 1n U.S. Patent Publication
No. 20120180664, are primarily directed to removal of
particulate contaminants. Other aircraft cabin filters do
remove or break down hydrocarbons, but are either inetlec- 45
tive or rely upon the need to add energy, such as elevation
in temperature, to successiul break down contaminants.
These eflorts have not been entirely successiul because they
fall to eflectively and efliciently remove or break down
contaminants, especially VOCs, and in particular VOCs at 50
the low concentrations and varied molecular weights found
in aircraft cabins.

Accordingly, there 1s a need for improved methods and
systems for removal of contaminants from air that will be
supplied to the cabin of an airplane. 55

SUMMARY OF THE INVENTION

The air within aircraft cabins 1s often contaminated with
low levels of VOCs. The VOCs can originate from cleaning 60
supplies, from aircrait systems (such as engine exhaust and
compressor leaks), as well as from the clothing and posses-
sions ol passengers and stafl. Even food, such as alcoholic
drinks, can contribute to the presence of VOCs within an
aircraft cabin. The filter elements described herein allow for 65
removal of VOCs from air and other gases, such as from air
circulated and/or recirculated through aircraft cabins. In

2

particular, the filter elements allow for effective removal of
VOCs at very low concentrations, as well as at low residence
times and high flow rates without changing the temperature
of the filtered air stream.

The concentrations of these VOCs within aircrait cabins
can be somewhat variable, depending upon conditions such
as whether the aircraft 1s on the ground or airborne, whether
the engines and accessory equipment (such as compressors
and hydraulic systems) are operating, whether the aircraft
interior 1s being cleaned or has recently been cleaned, the
number of passengers on board, and the cargo and luggage
within the aircraft. Typically the levels of VOCs 1n the
aircrait cabin are at sub part-per-million level, and thus
measure 1n the part-per-billion level. These levels are still
sufficient to lead to undesirable eflects, and therefore reduc-
ing them to lower levels 1s desirable.

The filter elements and media disclosed herein remove
and/or break down suflicient levels of VOCs even at low
concentrations typically experienced within aircrait cabins.
As used herein the terms “remove” and “break down”
signily eliminating a contaminant from a fluid stream or
reducing the amount of contaminant in a fluid stream, and
can be used interchangeably. In addition, the filter elements
and media disclosed herein also effectively remove VOCs
over a range ol molecular weights, such as lower molecular
weight VOCs (characterized herein as molecular weights of
less than or equal to 60 g/mol) as well as higher molecular
weight VOCs (characterized herein as molecular weights of
greater than 60 g/mol). The filter elements and media reduce
these VOC levels even at the high flow rates typically
present in aircraft cabin filter systems, and do so at or near
room temperature without the addition of further energy and
in a low-weight package.

Thus, the filter elements disclosed herein remove VOCs
using a filter element that allows for removal of both high
molecular weight and low molecular weight hydrocarbons
from an enclosed space, such as an aircraft cabin. The filter
clement and media 1s configured so as to remove and/or
break down these hydrocarbons even at the very low con-
centrations often observed 1n airplane cabins, where existing
clements and media are inadequate. In addition, the filter
clements and media allow for hydrocarbon removal from
relatively high velocity airstreams present 1n cabin recircu-
lation systems. This allows for successful hydrocarbon
removal even with low residence time within the air filtra-
tion element. Further, the filter element allows removal of
contaminants without the input of additional energy, such as
from UV light or heat. Finally, the filter element can be
constructed and arranged to be relatively lightweight,
thereby satisiying the need to keep total weight down, which
1s 1mportant for aviation uses.

In certain embodiments the filter elements 1nclude acti-
vated carbon positioned upstream of a catalyst material, in
particular a low-temperature catalyst that breaks down
VOCs at or near room temperature. The filter elements
provide various benefits to the removal of VOCs from gas
streams. These benefits can include, 1 various implemen-
tations, more complete removal of both large and small
molecular weight compounds, removal of large molecular
weight compounds without significant release of further
harmiul breakdown products, the ability to remove hydro-
carbons successiully at very low molecular weights,
removal ol hydrocarbons even at very high gas flow rates,
and avoidance of overloading (also known as poisoning) of
the catalyst.

In an embodiment, the filter element includes a first media
portion configured to adsorb high molecular weight mol-
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ecules. The second media portion 1s configured to break
down low molecular weight molecules, such as breaking
down low molecular weight molecules mto water and car-
bon dioxide. The first media portion can comprise activated
carbon; and the second media portion downstream of the
first media portion can comprise a catalyst material. The
upstream activated carbon typically removes high molecular
weight hydrocarbons, while the downstream catalyst mate-
rial typically removes low molecular weight hydrocarbons.
This structure allows the upstream activated carbon to
remove larger VOCs that would otherwise potentially poi-
son the catalyst material. In addition, the downstream cata-
lyst material breaks down the smaller VOCs that are not
cllectively captured by the activated carbon. Further, by
removing the larger upstream VOCs before they reach the
catalyst, the production of undesirable byproducts of cata-
lytic degradation of large VOCs 1s prevented. For example,
some larger VOCs break down into smaller VOCs such as
formaldehyde. By primarily removing the larger VOCs at
the upstream filter media, fewer large VOCs reach the
downstream portion of the filter media. The lower concen-
trations of high molecular weight VOCs reaching the cata-
lyst media reduces the potential for the production of
undesirable byproducts. Also, to the extent such byproducts
are produced, the lower VOC load on the downstream media
allows them to be further catalyzed by the catalytic media.

In an example embodiment the first media portion 1s
configured to degrade hydrocarbons having a molecular
weight of at least 60 g/mol, and the second media portion 1s
configured to degrade hydrocarbons having a molecular
weight of less than 60 g/mol. In some embodiments the first
media portion 1s configured to degrade hydrocarbons having
a molecular weight of at least 60 g/mol, and the second
media portion 1s configured to degrade hydrocarbons having,
a molecular weight of less than 40 g/mol. In certain embodi-
ments the first media portion 1s configured to remove
hydrocarbons having a molecular weight of at least 80
g/mol.

In an embodiment the first media portion 1s configured to
maintain at least 50 percent efliciency for removal from an
air stream of hydrocarbons having a molecular weight of at
least 60 g/mol at concentration levels of less than 1.0 parts
per million for at least 3000 hours, and the second media
portion 1s configured to maintain at least 40 percent efli-
ciency for removal of hydrocarbons having a molecular
weight of less than 60 g/mol, at concentrations levels of less
than 1.0 parts per million for at least 3000 hours. In some
implementations, in combination, the first media portion and
second media portion are configured to maintain at least 50
percent efliciency for removal of all hydrocarbons at con-
centration levels of less than 1.0 parts per million for at least
3000 hours. In certamn embodiments the hydrocarbon
removal can occur at a face velocity through the filter
clement of 12 feet per minute or greater. In certain 1imple-
mentations the hydrocarbon removal occurs without appar-
ent change of temperature of the air stream.

In an embodiment the first media portion 1s configured to
maintain at least 50 percent efliciency for removal from an
air stream ol hydrocarbons having a molecular weight of at
least 60 g/mol at concentration levels of less than 0.5 parts
per million for at least 3000 hours, and the second media
portion 1s configured to maintain at least 40 percent efli-
ciency for removal of hydrocarbons having a molecular
weilght of less than 60 g/mol, at concentrations levels of less
than 1.0 parts per million for at least 3000 hours. In some
implementations, in combination, the first media portion and
second media portion are configured to maintain at least 50
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4

percent efliciency for removal of all hydrocarbons at con-
centration levels of less than 0.5 parts per million for at least
3000 hours. In certain embodiments the hydrocarbon
removal can occur at a face velocity through the filter
clement of 12 feet per minute or greater. In certain imple-
mentations the hydrocarbon removal occurs without appar-
ent change of temperature of the air stream.

In some implementations the first media portion 1s con-
figured to remove at least 50 percent of hydrocarbons having
a molecular weight of at least 60 g/mol, and the second
media portion 1s configured to break down at least 50 percent
hydrocarbons having a molecular weight of less than 60
g/mol at concentrations of less than 1.0 parts per million.
This hydrocarbon removal can occur at face wvelocity
through the filter element of 12 feet per minute.

In an embodiment the first media portion 1s configured to
remove at least 50 percent of hydrocarbons having a
molecular weight of at least 60 g/mol, and the second media
portion 1s configured to break down at least 40 percent of
hydrocarbons having a molecular weight of less than 60
g/mol, at concentrations of less than 1.0 parts per million,
and at a temperature from 60 to 120° F.

In some embodiments the first media portion 1s configured
to remove at least 50 percent of hydrocarbons having a
molecular weight of at least 60 g/mol, and the second media
portion 1s configured to remove at least 40 percent of
hydrocarbons having a molecular weight of less than 60
g/mol, at concentrations of less than 1.0 parts per million
with an average air residency time in the filter element of
less than 0.1 seconds. In some embodiments the average air
residency time 1n the filter element 1s about 0.05 seconds.

A method for filtering an airstream for the cabin of an
airplane 1s also disclosed, the method 1including directing an
unfiltered airstream through a filtration element and direct-
ing a filtered airstream from the filtration element into a
cabin of an airplane. The filtration element comprises a first
media portion upstream from a second media portion;
wherein the first media portion comprises activated carbon
and the second media portion comprises a catalyst.

This summary 1s an overview of some of the teachings of
the present application and 1s not intended to be an exclusive
or exhaustive treatment of the present subject matter. Further
details are found in the detailed description and appended
claims. Other aspects will be apparent to persons skilled 1n
the art upon reading and understanding the following
detailed description and viewing the drawings that form a
part thereof, each of which is not to be taken 1n a limiting

sense. The scope of the present invention 1s defined by the
appended claims and their legal equivalents.

BRIEF DESCRIPTION OF THE FIGURES

The invention may be more completely understood 1n
connection with the following drawings, 1n which:

FIG. 1 1s a simplified view of a filtration element, accord-
ing to an embodiment.

FIG. 2 1s a sitmplified view of a cross-section of a filtration
clement, according to an embodiment.

FIG. 3 1s a simplified view of a cross-section of a filtration
clement, according to an embodiment.

FIG. 4 1s a simplified view of a cross-section of a filtration
clement, according to an embodiment.

FIG. 5 1s a simplified view of a cross-section of a filtration
clement, according to an embodiment.

FIG. 6 1s a simplified view of a filtration element, accord-
ing to an embodiment.
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FIG. 7 1s a schematic of a filtration element, according to
an embodiment.

FIG. 8 1s a flow chart of a method for filtering an
airstream, according to an embodiment.

While the invention 1s susceptible to various modifica-
tions and alternative forms, specifics thereolf have been
shown by way of example and drawings, and will be
described 1n detail. It should be understood, however, that
the mvention 1s not limited to the particular embodiments
described. On the contrary, the intention 1s to cover modi-
fications, equivalents, and alternatives falling within the
spirit and scope of the invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

A filtration element as described herein can include a first
media portion and a second media portion. The first media
portion can 1nclude activated carbon and the second media

portion can include a catalyst material. The filtration element
can be used within an aircraft, such as to filter an airstream
that will be directed into the cabin of the aircraft. The
filtration element can be configured to remove low molecu-
lar weight molecules, as well as high molecular weight
molecules.

The filter elements described herein allow for removal of
VOCs. The air within aircraft cabins 1s often contaminated
with low levels of VOCs. These VOCs can originate (for
example) from cleaning supplies, from aircrait systems
(such as engine exhaust and compressor leaks), as well as
from the clothing and possessions of passengers and stail.
Even food, such as alcoholic drinks, can contribute to the
presence of VOCs within an aircraft cabin.

In order to assess eflicacy of removal of VOCs from
aircraft cabins the tests that are normally performed are short
duration experiments at elevated volatile organic compound
concentrations. For example, 1n order to replicate exposure
to sub-part-per-million levels of VOCs over 3,000 or more
hours of a filter life, existing tests use higher concentrations
of VOCs for shorter durations. An example of such a test
uses approximately 15 parts-per-million of toluene for 3
hours to model removal of 15 parts per billion for 3000
hours. Such accelerated testing at higher concentrations fails
to accurately retlect the performance of filter elements.
Many adsorbent materials, including various activated car-
bon compounds, actually become less eflective at low con-
centrations of VOCs. Thus, an adsorbent media that per-
forms well at a given part-per-million concentration of
VOCs will often remove a much lower percentage of VOCs
at lower concentrations.

A further challenge to removal of VOCs from aircrait
cabins and other enclosed spaces 1s that existing filtration
constructions often fail to remove lower molecular weight
compounds, such as those with a molecular weight below 60
g/mol. Ethanol, for example, with a molecular weight of just
over 46 g/mol, 1s not typically eflectively removed by
activated carbon. Therefore, existing filtration constructions
that rely exclusively on activated carbon generally fail to
cllectively remove ethanol from filtered air.

The concentrations of VOCs within aircrait cabins can be
somewhat variable, depending upon conditions that include
whether the aircraft 1s on the ground or airborne, whether the
engines and accessory equipment (such as compressors and
hydraulic systems) are operating, whether the aircraft inte-
rior 1s being cleaned or has recently been cleaned, the
number of passengers on board, and the cargo and luggage
within the aircratt. The contaminants can include, for
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6

example, limonene, toluene, acetone, ethanol, etc. The con-
taminants can be those with higher molecular weights, such
as limonene (136 g/mol) from, for example, cleaning prod-
ucts, or toluene (92 g/mol) from, for example, exhaust, as
well as lower molecular weight maternials such as acetone
(38 g/mol) from, for example, biological processes, ethanol
(46 g/mol) from hand wipes, or formaldehyde (30 g/mol) as
an ofl gassed material from manufactured products such as
leather, fabric, etc. Typically the levels of VOCs 1n the
aircraft cabin are at sub part-per-million level, and thus
measure 1n the part-per-billion level. These levels are still
undesirable, and therefore reducing them to lower levels 1s
desirable.

In order to assess eflicacy of removal of VOCs from
aircrait cabins, the tests that are normally performed are
short 1n duration and at elevated VOC concentrations. For
example, 1 order to replicate exposure to sub-part-per-
million levels of VOCs over 3,000 or more hours, existing
tests use higher concentrations of VOCs for shorter dura-
tions. An example of such a test 1s uses approximately 15
parts-per-million of toluene for 3 hours to seek to model
removal of 15 parts per billion for 3000 hours. Unifortu-
nately, as recognized and described herein, such accelerated
testing at higher concentrations fails to accurately retlect the
performance of filter elements. Many adsorbent materials,
including various activated carbon compounds, actually
become less eflective at low concentrations of VOCs. Thus,
an adsorbent media that performs well at a multiple part-
per-million concentration of VOCs will remove a much
lower percentage of VOCs at lower concentrations, such as
at multiple part-per-billion concentrations.

The filter elements and media disclosed herein remove
significant levels of VOCs even at low concentrations typi-
cally experienced within aircraft cabins. In addition, the
filter elements and media disclosed herein also perform well
at removing VOCs over a range of molecular weights, such
as lower molecular weight VOCs (characterized herein as
molecular weights of less than or equal to 60 g/mol) as well
as higher molecular weight VOCs (characterized herein as
molecular weights of greater than 60 g/mol).

The configuration described herein with activated carbon
positioned upstream of a catalyst material provides various
benefits to the removal of hydrocarbons from gas streams.
These benefits can include, in various i1mplementations,
more complete removal of both large and small molecular
welght compounds, removal of large molecular weight com-
pounds without sigmificant release of further harmiul break-
down products, the ability to remove hydrocarbons success-
fully at very low molecular weights, removal of
hydrocarbons even at very high gas flow rates, and avoid-
ance ol overloading (also known as poisoning) of the
catalyst.

In an embodiment, the filtration element 1s configured to
remove VOCs from an airstream. The first media portion can
be configured to adsorb high molecular weight molecules.
The second media portion can be configured to break down
low molecular weight molecules, such as into water and
carbon dioxide.

In an example embodiment the first media portion 1s
configured to remove hydrocarbons having a molecular
weilght of at least 60 g/mol, and the second media portion 1s
configured to remove hydrocarbons having a molecular
weilght of less than 60 g/mol. In some embodiments the first
media portion 1s configured to remove hydrocarbons having
a molecular weight of at least 60 g/mol, and the second
media portion 1s configured to degrade hydrocarbons having
a molecular weight of less than 40 g/mol. In certain embodi-
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ments the first media portion 1s configured to remove
hydrocarbons having a molecular weight of at least 80
g/mol.

In an embodiment the first media portion 1s configured to
remove at least 50 percent of hydrocarbons having a
molecular weight of at least 60 g/mol, and the second media
portion 1s configured to remove at least 50 percent of
hydrocarbons having a molecular weight of less than 60
g/mol, at concentrations of less than 1.0 parts per million of
total hydrocarbons.

In an embodiment the first media portion 1s configured to
maintain at least 50 percent efhiciency for removal from an
air stream of hydrocarbons having a molecular weight of at
least 60 g/mol at concentration levels of less than 0.5 parts
per million for at least 3000 hours, and the second media
portion 1s configured to maintain at least 40 percent efli-
ciency for removal of hydrocarbons having a molecular
weight of less than 60 g/mol, at concentrations levels of less
than 0.5 parts per million for at least 3000 hours. In some
implementations, in combination, the first media portion and
second media portion are configured to maintain at least 50
percent efliciency for removal of all hydrocarbons at con-
centration levels of less than 0.5 parts per million for at least
3000 hours. In certamn embodiments the hydrocarbon
removal can occur at a face velocity through the filter
clement of 12 feet per minute or greater. In certain imple-
mentations the hydrocarbon removal occurs without appar-
ent change of temperature of the air stream.

In an embodiment the first media portion 1s configured to
maintain at least 50 percent efliciency for removal from an
air stream ol hydrocarbons having a molecular weight of at
least 60 g/mol at concentration levels of less than 1.0 parts
per million for at least 3000 hours, and the second media
portion 1s configured to maintain at least 40 percent efli-
ciency for removal of hydrocarbons having a molecular
weilght of less than 60 g/mol, at concentrations levels of less
than 1.0 parts per million for at least 2000 hours. In some
implementations, in combination, the first media portion and
second media portion are configured to maintain at least 50
percent efliciency for removal of all hydrocarbons at con-
centration levels of less than 1.0 parts per million for at least
2000 hours. In certain embodiments the hydrocarbon
removal can occur at a face velocity through the filter
clement of 12 feet per minute or greater. In certain 1imple-
mentations the hydrocarbon removal occurs without appar-
ent change of temperature of the air stream.

In an embodiment the first media portion 1s configured to
maintain at least 50 percent efliciency for removal from an
air stream ol hydrocarbons having a molecular weight of at
least 60 g/mol at concentration levels of less than 1.0 parts
per million for at least 3000 hours, and the second media
portion 1s configured to maintain at least 40 percent efli-
ciency for removal of hydrocarbons having a molecular
weilght of less than 60 g/mol, at concentrations levels of less
than 1.0 parts per million for at least 3000 hours. In some
implementations, 1n combination, the first media portion and
second media portion are configured to maintain at least 50
percent efliciency for removal of all hydrocarbons at con-
centration levels of less than 1.0 parts per million for at least
3000 hours. In certamn embodiments the hydrocarbon
removal can occur at a face velocity through the filter
clement of 10 feet per minute, 25 feet per minute, 50 feet per
minute, or greater. In certain implementations the hydrocar-
bon removal occurs without apparent change of temperature
of the air stream.

In an embodiment the first media portion 1s configured to
maintain at least 50 percent efliciency for removal from an
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air stream of hydrocarbons having a molecular weight of at
least 60 g/mol at concentration levels of less than 1.0 parts
per million for at least 3000 hours, and the second media
portion 1s configured to maintain at least 40 percent efli-
ciency for removal of hydrocarbons having a molecular
weight of less than 60 g/mol, at concentrations levels of less
than 1.0 parts per million for at least 3000 hours. In some
implementations, 1n combination, the first media portion and
second media portion are configured to maintain at least 75
percent efliciency for removal of all hydrocarbons at con-
centration levels of less than 1.0 parts per million for at least
3000 hours. In certain embodiments the hydrocarbon
removal can occur at a face velocity through the filter
clement of 12 feet per minute or greater. In certain 1mple-
mentations the hydrocarbon removal occurs without appar-
ent change of temperature of the air stream.

In an embodiment the first media portion 1s configured to
maintain at least 50 percent efliciency for removal from an
air stream of hydrocarbons having a molecular weight of at
least 60 g/mol at concentration levels of less than 1.0 parts
per million for at least 3000 hours, and the second media
portion 1s configured to maintain at least 40 percent efli-
ciency for removal of hydrocarbons having a molecular
weilght of less than 60 g/mol, at concentrations levels of less
than 1.0 parts per million for at least 2000 hours. In some
implementations, 1n combination, the first media portion and
second media portion are configured to maintain at least 90
percent efliciency for removal of all hydrocarbons at con-
centration levels of less than 1.0 parts per million for at least
2000 hours. In certain embodiments the hydrocarbon
removal can occur at a face velocity through the filter
clement of 12 feet per minute or greater. In certain 1mple-
mentations the hydrocarbon removal occurs without appar-
ent change of temperature of the air stream.

In an embodiment the first media portion 1s configured to
maintain at least 50 percent efliciency for removal from an
air stream of hydrocarbons having a molecular weight of at
least 60 g/mol at concentration levels of less than 1.0 parts
per million for at least 3000 hours, and the second media
portion 1s configured to maintain at least 40 percent eili-
ciency for removal of hydrocarbons having a molecular
weight of less than 60 g/mol, at concentrations levels of less
than 1.0 parts per million for at least 2000 hours. In some
implementations, in combination, the first media portion and
second media portion are configured to maintain at least 93
percent efliciency for removal of all hydrocarbons at con-
centration levels of less than 1.0 parts per million for at least
2000 hours. In certain embodiments the hydrocarbon
removal can occur at a face velocity through the filter
clement of 12 feet per minute or greater. In certain 1mple-
mentations the hydrocarbon removal occurs without appar-
ent change of temperature of the air stream

Generally the filter element does not significantly increase
the temperature of air passing through 1t. Often there 1s no
noticeable change in temperature, and typically the tempera-
ture differential of the input and output air 1s less than 1° C.
across the filtration element during operation within an
aircraft cabin. More typically the differential 1s less than 2°
C., and more typically less than 5° C. across the filtration
clement during operation within an aircrait cabin.

In various implementations the filter element includes
pleated or z-flow media that has a relatively low weight
compared to packed bed carbon constructions, and 1n par-
ticular a low mass per surface areca of media. In some
embodiments the first media portion of the filter element has
a mass to media surface area ratio of greater than 400 g/m”
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grams per square meter, and the second media portion of the
filter element has a mass to media surface area ratio of
greater than 1500 g/m~.

The media forming the first and second media portions
can be various folded and non-folded constructions, includ-
ing pleated and corrugated constructions, as well as beaded
constructions in some embodiments. Optionally the first
media portion comprises pleated filter media, the second
media portion comprises pleated filter media, or both the
first and second media portions comprise pleated filter
media. The first, second, or both filtration medias can be
formed of corrugated media, with or without facing sheets,
and with or without plugs at either end of the corrugated
media. The activated carbon of the first media portion
comprises activated carbon beads 1in some embodiments.
Such carbon beads are selected to preserve low weight and
high air flow rates without excessive tlow reduction.

Various catalysts may be used in the second media

portion, including low temperature catalysts that perform
well at or near room temperatures. Suitable catalyst mate-
rials include catalysts formed with manganese dioxide,
copper oxide, and combinations thereotf. Various base metals
and metal oxides can be used, such as manganese, 1ron,
cobalt, nickel, copper and the oxides of these metals. Other
suitable catalysts include potassium permanganate and other
base metal oxides. Suitable catalysts include, for example,
Carulite® catalyst, manufactured by the Carus Corporation.
Suitable catalysts include precious metals, transition metals,
base metals and combinations thereof; inorganic and organic
oxides, and salts.

In addition to being used within an aircraft cabin, filter
clements made 1 accordance with the disclosures herein can
be used in other environments, such as within homes,
businesses, other buildings, and other vehicles.

Various additional filter materials can be included in
addition to the first and second media portions, such as a
pre-filter located upstream from the first media portion. The
pre-filter can include, for example, cellulosic or synthetic
fibers. The pre-filter can be configured to remove particulate
contaminants. The filter element can also include a post-
filter, such as a post-filter located downstream from the
second media portion. The post-filter optionally includes
cellulosic or synthetic fibers, and can be configured to
remove particulate contaminants.

Now, 1n references to the drawings, FIG. 1 1s a schematic
view of a filtration element 100, according to an embodi-
ment. The filtration element 100 can include a first media
portion 110 and a second media portion 120. The first media
portion 110 1s upstream of the second media portion 120,
such that air flows through the first media portion 110 prior
to flowing through the second media portion 120. The
airflow can travel 1n the direction of the arrow 130, such that
the airflow enters the filtration element 100 at the face 102,
and the airtlow exits the filtration element 100 at face 104.
In an embodiment, the face 102 can be subjected to an
airtlow that results 1n a face velocity on face 102 of not more
than 15 fpm. In an embodiment, the pressure drop of the
airtlow across the filtration element 100 1s less than 0.5
inches water column, commonly less than 1.0 inches water
column, optionally less than 2.0 inches of water column. In
some embodiments the pressure drop 1s less than 0.75
inches, less than 0.5 inches, or less than 0.25 inches.

In various embodiments, the filtration element 100 can be
disposed 1n a housing. The housing can include metal or a
polymer, for example. The housing can provide support and
direct the airflow through the filtration element.
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The filtration element 100 can be configured to remove
VOCs from an airstream. In an embodiment, the first media
portion 110 can be configured to adsorb or remove high
molecular weight molecules from an airstream, such as
limonene and toluene. The second media portion 120 can be
configured to break down low molecular weight molecules
from an airstream, such as alcohol and formaldehyde,
including reaction products from the first media portion 110.
In an embodiment, the second media portion 120 breaks
down low molecular weight molecules into water and car-
bon dioxide.

The filtration element 100 can be configured for use 1n
low temperatures. The filtration element 100 can be config-
ured for use with an airflow that 1s room temperature, such
as airflow with an entering temperature of at least 60° F. and
not more than 120° F. Further, the airflow through the
filtration element 100 can have a substantially similar tem-
perature, such that the temperature difference from the
incoming air to the outgoing air 1s less than 1° C. In

alternative embodiments, the airflow can have a temperature
difference across the filtration element 100 of less than 0.5°
C., 2° C., or 5° C. In an embodiment, the filtration element
100 degrades at least 50% of low molecular weight mol-
ecules between the temperatures of 60° F. and not more than
120° F.

In an embodiment, the first media portion 110 can include
carbon, such as activated carbon. The activated carbon can
be incorporated 1nto a folded or pleated filter media, such as
shown 1n FIGS. 3 and 5. The activated carbon can include
carbon beads, such as shown in FIGS. 2 and 4.

In an embodiment, the second media portion 120 can
include a catalyst material. The catalyst material can
include, for example, manganese dioxide, copper oxide, and
mixtures thereof. In an embodiment, the second media
portion 120 includes Carulite® 200 produced by the Carus
Corporation in Peru, Ill. The catalyst material can be incor-
porated into a folded or pleated filter media, such as shown
in FIGS. 3 and 4. The catalyst material can also be 1n a bead
or granular form, such as shown i FIGS. 2 and 3. The
catalyst media can 1nclude two layers of high permeability
media supporting a layer of catalyst material. More specifi-
cally, one surface of a layer of air filter media having high
permeability can be (for example) coated with 3M™ Hi-
Strength 90 spray adhesive. A single layer of manganese
dioxide/copper oxide catalyst granules can be spread onto
the media/adhesive with substantially even distribution
across the surface. A layer of the 3M™ Hi-Strength 90 spray
adhesive (for example) can then be applied to the layer of
catalyst granules and a final layer of high permeability air
filter media can be used to encapsulate the catalyst granules.

In an embodiment the media has a permeability of 100 to
300 cubic feet per minute, commonly 1350 to 250 cubic feet
per minute, 1n some cases about 200 cubic feet per minute.
Generally the permeability 1s more than 50 cubic feet per
minute, more than 100 cubic feet per minute, more than 150
cubic feet per minute, more than 200 cubic feet per minute,
and more than 250 cubic feet per minute.

In an embodiment, the filtration element 100 1s no more
than 4 1n. deep. In an embodiment, the first media portion
110, when 1independently pleated, can be at least 1 in. deep,
such as the distance from face 102 to end of the first media
portion at face 106. In an embodiment, the first media
portion 110 1s no more than 2 inches deep. In an embodi-
ment, the second media portion 120 can be at least 1 inches
deep, such as the distance from face 106 to face 104. In an
embodiment, the second media portion 120 1s no more than
2 1nches deep.
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FIG. 2 shows a view of a cross-section of a filtration
clement 200, according to an embodiment. The filtration
clement 200 can include a first media portion 210 and a
second media portion 220. The first media portion 210 can
include activated carbon beads 212. The second media
portion 220 can include a granular catalyst 222. Generally
the activated carbon beads 212 and granular catalyst 222 are
selected so as to be light weight and arranged so as to
provide a low pressure drop across the filtration element.

FIG. 3 shows a view of a cross-section of a filtration
clement 300, according to an embodiment. The filtration
clement 300 can include a first media portion 310 and a
second media portion 320. The first media portion 310 can
include a pleated or folded filtration media or scrim 312. The
pleated or folded filtration media or scrim 312 can include
activated carbon, such as activated carbon that 1s 1impreg-
nated into the filtration media or scrim 312. The second
media portion 320 can 1nclude a pleated or folded filtration
media or scrim 322. The second media portion 320 can
include a catalyst material, such as a catalyst material that 1s
impregnated into the filtration media or scrim 322.

In an embodiment, the filtration media 312, 322 can have
a pleat density of at least 2 pleats/inch. The filtration media
312 can substantially extend from face 302 to face 306, such
as the depth of the first media portion 310. In an embodi-
ment, the filtration media 312 extends at least 90% of the
distance from face 302 to face 306. In an embodiment, the
filtration media 312 extends at least 85%, 75% or 50% of the
distance from face 302 to face 306.

The filtration media 322 can substantially extend from
tace 306 to face 304, such as the depth of the second media
portion 320. In an embodiment, the filtration media 322
extends at least 90% of the distance from face 306 to face
304. In an embodiment, the filtration media 322 extends at
least 85%, 75% or 50% of the distance from face 306 to face
304.

FIG. 4 1s a view of a cross-section of a filtration element
400, according to an embodiment. The filtration element 400
includes a first media portion 410 and a second media
portion 420. In an embodiment, the first media portion 410
includes activated carbon beads 412 and the second media
portion 420 includes a catalyst impregnated into a pleated or
folded filter media 422.

FIG. 5 1s a view of a cross-section of a filtration element
500, according to an embodiment. The filtration element 500
includes a first media portion 510 and a second media
portion 520. In an embodiment, the first media portion 510
includes a pleated or folded filter media 512 that 1s impreg-
nated with activated carbon and the second media portion
520 1ncludes beads of a catalyst or a granular catalyst 522,
such as beads coated with a catalyst.

FIG. 6 1s a view of a filtration element 600, according to
an embodiment. The filtration element 600 includes a first
media portion 610 and a second media portion 620. In an
embodiment, the filtration element 600 includes a pre-filter
640 and a post-filter 650. The pre-filter 640 1s located
upstream of the first media portion 610. The post-filter 650
can be located downstream of the second media portion 620.

FIG. 7 1s a schematic of a filtration element 700, accord-
ing to an embodiment. The {filtration element 700 can
include an intake 708, such as where an airflow enters the
filtration element 700. The intake 708 can include a pre-
filter. The 1intake 708 can direct the airtlow to the first media
portion 710. The intake 708 can include air ducts, piping or
tubing configured for an airstream to pass through.

The filtration element 700 can include a first media
portion 710 and a second media portion 720. The first media
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portion 710 can include activated carbon, such as carbon
beads or a folded media impregnated with carbon. The
second media portion 720 can include a catalyst material,
such as a granular catalyst or a folded media impregnated
with a catalyst.

In various embodiments, the first media portion 710 1s
adjacent to the second media portion 720, such as shown 1n
FIGS. 1-7. The first media portion 710 and the second media
portion 720 can be adjacent, such that they are next two each
other or touching each other. In an alternative embodiment,
there can be a gap or space between the first media portion
710 and the second media portion 720, such that the airtlow
must travel through the gap after it leaves the first media
portion 710 and before 1t enters the second media portion
720. In an embodiment, the gap can be at least 1 centimeter.
In an embodiment, the gap can be no longer than 5 centi-
meters.

The filtration element 700 can include an exit 724, such
as where the airstream leaves or exits the filtration element
700. The exit 724 can include air ducts, piping, or tubing
configured for an airstream to pass through. The exit 724 can
be configured to direct the airflow 1n a desired direction,

such as 1nto the cabin of an airplane.

FIG. 8 shows a flow chart of a method 800 for filtering an
airstream, according to an embodiment. The method 800
includes directing an airstream through a filtration element,
step 802. The filtration element includes a first media portion
and a second media portion. The first media portion 1is
upstream of the second media portion. The first media
portion can include activated carbon. The second media
portion can include a catalyst material. In step 804, the
method can include directing a filtered airstream from the
filtration element into a cabin of an airplane. The method
800 can further include directing the airstream through a
pre-filter, such as prior to being directed through the first
media portion. The method 800 can also include directing
the airstream through a post-filter, such as after exiting the
second media portion of the filtration element.

EXPERIMENTAL

Example filter elements were constructed. The sample
filter elements were created using pleated carbon and cata-
lyst media, with face areas of 3 inches by three inches, and
media depth of 2 inches. The catalyst material was Carulite
200.

The example elements were placed on attest bench to
measure their ability to remove low concentration hydro-
carbon contamination from air over long durations. The test
bench was operated at room temperature, with the air
approach velocity of 162 feet per minute and residence time
of 0.05 seconds. Target concentrations of contaminants were
as follows:

Limonene: 50 ppb-v

Toluene: 30 ppb-v

Ethanol: 300 ppb-v

Acetone: 15 ppb-v

Formaldehyde: 15 ppb-v

Tests were performed at 1000 hours for elements having
just carbon, just catalyst, and a combination of upstream
catalyst and downstream catalyst. Tests were also performed
at 2000 hours for elements having just carbon, just catalyst,
and a combination of upstream carbon and downstream
catalyst. Further tests were performed at 3000 and 4000
hours for elements having just carbon and upstream carbon
and downstream catalyst.
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TABLE 1

Removal efficiency at 1000 hours:

Contaminant Carbon Only Catalyst Only Carbon/Catalyst
Limonene 835% 60% 99%
Toluene 65% 25% 90%
Ethanol 38% 28% 55%
Acetone 32% 23% 45%
Formaldehyde 25% 30% 52%
TABLE 2
Removal efficiency at 2000 hours:
Carbon Catalyst
Contaminant Only Only Carbon/Catalyst
Limonene 77% 58% 99%
Toluene 45% 23% 82%
Ethanol 23% 35% 52%
Acetone 15% 18% 40%
Formaldehyde 5% 24% 51%
TABLE 3

Removal efliciency at 3000 _hours:

Carbon
Contaminant Only Carbon/Catalyst
Limonene 75% 98%0
Toluene 40% 75%
Ethanol 20% 55%
Acetone 10% 42%
Formaldehyde 0% 40%
TABLE 4

Removal efliciency at 4000 hours:

Contaminant Carbon Only Carbon/Catalyst

08%
30%
18%
5%
0%

99%
79%
533%
45%
44%

L.imonene
Toluene

Ethanol

Acetone
Formaldehyde

As demonstrated in Table 1 to Table 4, the use of only
carbon and only catalyst had significantly worse perfor-
mance than the combination of carbon followed by a cata-
lyst, and the performance continued stronger than would be
expected over a longer period of time. For example, with
Limonene, the carbon and catalyst combination was much
stronger than observed with only carbon or only catalyst: 99
percent, compared to 85 percent and 60 percent, respec-
tively. The benefit 1s more than one would assume from just
simple series of removal stages. Also, where the carbon only
and catalyst only showed significant reductions in perfor-
mance over time, the carbon and catalyst combination did
not show the same levels of performance reductions.

Similarly, for toluene, ethanol, acetone, and formaldehyde
the combination of a carbon and catalyst outperformed the
carbon alone and catalyst alone, and outperformed them
very significantly. While there was some diminishment of

elliciency 1n removal of some of these contaminants over
time, that diminishment was much less than observed with

the carbon alone and catalyst alone.
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It should be noted that, as used 1n this specification and the
appended claims, the singular forms “a,” “an,” and “the”
include plural referents unless the content clearly dictates
otherwise. Thus, for example, reference to a composition
containing “a compound” includes a mixture of two or more
compounds. It should also be noted that the term “or” is
generally employed 1n its sense including “and/or” unless
the content clearly dictates otherwise.

It should also be noted that, as used in this specification
and the appended claims, the phrase “configured” describes
a system, apparatus, or other structure that 1s constructed or
configured to perform a particular task or adopt a particular
configuration to. The phrase “‘configured” can be used
interchangeably with other similar phrases such as arranged
and configured, constructed and arranged, constructed,
manufactured and arranged, and the like.

All publications and patent applications 1n this specifica-
tion are mdicative of the level of ordinary skill in the art to
which this mvention pertains. All publications and patent
applications are herein incorporated by reference to the same
extent as 1f each individual publication or patent application
was specifically and individually indicated by reference.

The embodiments of the present invention described
herein are not imntended to be exhaustive or to limit the
invention to the precise forms disclosed in the following
detailed description. Rather, the embodiments are chosen
and described so that others skilled 1n the art can appreciate
and understand the principles and practices of the present
invention.

All publications and patents mentioned herein are hereby
incorporated by reference. The publications and patents
disclosed herein are provided solely for their disclosure.
Nothing herein i1s to be construed as an admaission that the
inventors are not entitled to antedate any publication and/or
patent, including any publication and/or patent cited herein.

The mvention has been described with reference to vari-
ous specific and preferred embodiments and techniques.
However, it should be understood that many variations and
modifications may be made while remaining within the spirit
and scope of the mvention.

The mvention claimed 1s:

1. An air filtration filter element, the element comprising;:

a first media portion, the first media portion comprising,
activated carbon; and

a second media portion downstream and separate from the
first media portion, the second media portion compris-
ing two layers of pleated media between which a layer
of catalyst granules comprising manganese dioxide and
copper oxide 1s distributed, the catalyst granules
retained by adhesive to both layers of the pleated
media;

wherein at a face velocity through the filter element of
more than 15 feet per minute, a temperature from 60°
F. to 120° F., and a concentration of less than 1.0 parts
per million of total hydrocarbons:

(1) the first media portion removes or breaks down at least
50 percent of hydrocarbons having a molecular weight
of at least 60 g/mol, and

(1) the second media portion removes or breaks down at
least 50 percent of hydrocarbons having a molecular
welght of less than 60 g/mol;

wherein the first media portion has a mass to media
surface area ratio of greater than 400 g/m*, and the
second media portion has a mass to media surface area
ratio of greater than 1500 g/m”; and

wherein the second media portion has a permeability of
100 to 300 cubic feet per minute.
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2. The air filtration filter element of claim 1, wherein the
first media portion has a thickness of 50 to 100 percent of the
thickness of the second media portion.

3. The air filtration filter element of claim 1, wherein the
second media portion has a thickness of 100 to 150 percent
of the thickness of the first media portion.

4. The air filtration filter element of claim 1, wherein the
first filter media portion comprises pleated filter media.

5. The air filtration filter element of claim 1, wherein the
first media portion 1s configured to remove or break down at
least 50 percent of hydrocarbons having a molecular weight
of at least 60 g/mol, and the second media portion 1is
configured to remove or break down at least 50 percent of
hydrocarbons having a molecular weight of less than 60

g/mol, at concentrations of less than 1.0 parts per million of
total hydrocarbons with an average air residency time 1n the
filter element of less than 5 seconds.

6. The air filtration filter element of claim 1, wherein the
first media portion 1s configured to remove or break down at
least 50 percent of hydrocarbons having a molecular weight
of at least 50 g/mol, and the second media portion 1is
configured to remove or break down at least 50 percent of
hydrocarbons having a molecular weight of less than 60
g/mol, at concentrations of less than 1.0 parts per million of
total hydrocarbons at a temperature from of 60° F. to 120°
F., at a face velocity though the filter element of at least 15
feet per minute, and an average air tlow residency time 1n the
filter element of less than 1 second.

7. The air filtration filter element of claim 1, wherein the
first media portion 1s configured to remove or break down at
least 75 percent of hydrocarbons having a molecular weight
of at least 50 g/mol, and the second media portion 1is
configured to remove or break down at least 75 percent
hydrocarbons having a molecular weight of less than 50
g/mol, at concentrations of less than 1.0 parts per million of
total hydrocarbons at a temperature of 30° C., at a face
velocity though the filter element of at least 15 feet per
minute, and an average air tlow residency time in the filter
clement of less than 1 seconds.

8. The air filtration filter element of claim 1, wherein the
first media portion 1s at least 25% larger than the second
media portion by volume.
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9. The air filtration filter element of claim 1, wherein the
second media portion 1s at least 25% larger than the first
media portion by volume.

10. The air filtration filter element of claim 1, wherein the
first media portion and the second media portion are adja-
cent to each other.

11. An air filtration filter element, the element comprising:

a first media layer comprising activated carbon; and

a second media layer downstream of the first media layer,

the second media layer comprising two layers of
pleated media between which a layer of catalysts
granules comprising manganese dioxide and copper

oxide 1s spread, the catalyst granules retained by adhe-
sive to both layers of the pleaded media;

wherein at a face velocity through the filter element of

more than 15 feet per minute, a temperature from 60°

F. to 120° F., and a concentration of less than 1.0 parts

per million of total hydrocarbons:

(1) the first media layer removes or breaks down at least
50 percent of hydrocarbons having a molecular
weight of at least 60 g/mol, and

(1) the second media layer removes or breaks down at
least 50 percent of hydrocarbons having a molecular
weilght of less than 60 g/mol; and

wherein the second media portion has a permeability of

100 to 300 cubic feet per minute.

12. The air filtration filter element of claim 11, wherein
the air filtration filter element has a pressure differential
across the element of less than 0.5 inches of water at a face
velocity of 15 feet per minute.

13. The air filtration filter element of claim 11, wherein
the first media layer has a thickness of 50 to 150 percent of
the thickness of the second media layer.

14. The air filtration filter element of claim 11, wherein
the first media layer comprises pleated filter media.

15. A method for filtering an airstream for a cabin of an
airplane, comprising:

directing an unfiltered airstream through the air filtration

filter element of claim 1 to produce a filtered airstream;

and

directing the filtered airstream from the air filtration filter

clement into a cabin of an airplane.
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